High sensitivity of carnitine acyltransferase I to malonyl-CoA inhibition in liver of obese Zucker rats  by Clouet, Pierre et al.
Volume 182, number 2 FEBS 2373 March 1985 
High sensitivity of carnitine acyltransferase I to 
malonyl-CoA inhibition in liver of obese Zucker rats 
Pierre Clouet, Catherine Henninger, Marc Pascal+ and Jean Bkzard 
Laboratoire de Physiologie animale et de la Nutrition, Facult6 des Sciences Mirande. UA 273, BP 138.21004 Dijon Cedex, 
and +Laboratoires Fournier. Centre de Daix, 21121 Fontaine-les-Dijon, France 
Received 25 January 1985 
Carnitine acyltransferase of liver mitochondria prepared from obese Zucker rats has a higher sensitivity 
to inhibition by malonyl-CoA compared with carnitine acyltransferase of mitochondria prepared from lean 
Zucker rats. 
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1. INTRODUCTION 
The genetically obese Zucker rat shows an ac- 
cumulation of triacylglycerols in the liver [1,2]. 
This steatosis can originate from an increased 
lipogenesis [3-51, or a decreased fatty acid oxida- 
tion, or both. The oxidation of fatty acids has been 
observed to be decreased in perfused liver [7], and 
in hepatocytes [8,9] of obese rats. By contrast, 
Brady and Hoppel [lo] reported that liver mito- 
chondria of obese and lean rats show the same 
capability for fatty acid oxidation. This discrepan- 
cy could be explained by the considerable loss, 
through the mitochondria isolation procedure, of 
metabolites known to regulate fatty acid oxidation 
in the intact cell [ 1 l-141. Among these meta- 
bolites, malonyl-CoA is of particular interest 
because it strongly inhibits carnitine acyltransfer- 
ase I (CAT I) (EC 2.3.1.21), the enzyme that cata- 
lyzes the synthesis of acylcarnitine and regulates 
the entry of fatty acids into mitochondria (151. 
Moreover, CAT I has been suggested to respond 
differently to this inhibition, i.e., according to the 
nutritional and hormonal state [ 16- 181. 
The purpose of this work was, therefore, to 
determine whether mitochondrial CAT I of obese 
rats was more sensitive to the inhibitory effect of 
malonyl-CoA than in lean rats. This could explain 
the decreased oxidation of long chain fatty acids in 
Mitochondria Liver Zucker rat Obesity 
the whole liver and in hepatocytes of obese Zucker 
rats, and thus, eventually, help in understanding 
the mechanism of lipid accumulation. 
2. MATERIALS AND METHODS 
11-week old male rats of the Zucker strain 
were from the Centre de Selection et d’Elevage 
d’Animaux de Laboratoire (CSEAL) du CNRS, 
Orleans-la-Source, France. The obese rats (fa/fa) 
and their lean littermates (Fa/?) weighed 420 f 30 
and 275 f 15 g, respectively. They were killed by 
decapitation at 08 : 00 after 16 h food-deprivation. 
Livers were homogenized in a medium containing 
0.25 M sucrose, 10 mM triethanolamine and 1 mM 
EDTA, at pH 7.4 (1:5, w/v), then centrifuged at 
5OOxg for 10 min at 3°C. The sedimented pellet 
was resuspended and diluted with the same medium 
to the same volume as the initial homogenate, and 
recentrifuged at 500 x g for 10 min. This operation 
was repeated three times. All the supernatants were 
eliminated except the last one that was centrifuged 
at 1300 x g for 10 min. The pellet was resuspended 
in the same medium, EDTA excepted, and recen- 
trifuged at 1300xg for 10 min. The final pellet 
gave a mitochondrial fraction only very slightly 
contaminated with peroxisomes, and good mem- 
brane integrity (unpublished). This fraction was 
used for the study of oleate oxidation. For the 
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estimation of CAT I activity, mitochondria were 
isolated by the same procedure as above except 
that the homogenizing medium was replaced by 
0.25 M mannitol, 5 mM Hepes buffer (pH 7.4) and 
1 mM EGTA as in [la], throughout the operation. 
To study fatty acid oxidation, mitochondria 
were incubated in duplicate at 35°C in 2ml of a 
medium containing 50pM potassium [1-‘4C]- or 
[10-14C]oleate (CEA, Saclay, France) bound to 
17.5pM fatty acid-free bovine serum albumin 
(Sigma, St. Louis, MO), 20mM potassium phos- 
phate (pH7.4), 50mM KCl, 4mM MgClz, 1 mM 
ATP, 50pM CoA, 1 mM L-carnitine and 0.2mM 
L-malate. The reaction was initiated by the addi- 
tion of 1 mg of freshly prepared mitochondrial 
proteins. After 12 min the incubations were 
stopped by the addition of 10 ml of 10% perchloric 
acid, and the measurement of “C-labelled acid- 
soluble products (ASP) was performed as in [19]. 
The activity of the carnitine palmitoyltransferase I 
(EC 2.3.1.21) was measured in duplicate at 25°C 
according to Bremer 1161 with slight modifications: 
0.2mg of freshly prepared mitochondrial pro- 
teins was added to 1 ml of medium containing 
80mM mannitol, 75 mM KCI, 25 mM Hepes buf- 
fer (pH 7.3), 0.2mM ECTA, 45pM palmitoyl- 
CoA, 0.5 mM dithiothreitol, 1% fatty acid-free 
bovine serum albumin, 2 mM KCN and increasing 
amounts of malonyl-CoA. After a 30 s preincuba- 
tion, 0.7 mM L-[~e~~y~-3Hlcarnitine, about 1.4 
&i/pmol, was added. 6 min later, the reaction was 
stopped with 1 ml of 1 N HCI. The [3H]palmitoyl- 
carnitine was extracted with n-butanol as in [20] 
and then counted in Picofluor 30 (Packard Instru- 
ment Co) in a Packard 300C scintillation counter. 
The total carnitine content of homogenates was 
measured according to [21]. Mitochondrial pro- 
teins were estimated as in [22]. The triacylglycerols 
of the liver were estimated from their fatty acid 
content, as determined by gas-liquid chromato- 
graphy 123 J. Statistical significance was estimated 
by using Student’s t-test. 
3. RESULTS AND DISCUSSION 
The liver of obese rats (420 -t 30 g) was signifi- 
cantly heavier (p<O.OOl) than that of lean rats 
275 + 15 g), and had a higher content in triacyl- 
glycerol fatty acids (35.2-t 6.4 vs 2.3 +0.7 mg/g, 
respectively, p < 0.001). 
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Table 1 shows that whatever the position of the 
labeled carbon atom in the oleate molecule, i.e., at 
the carboxyl end or in the middle of the chain, 
oleate oxidation was the same within each pheno- 
type. This suggests that the oxidation of the oleate 
molecule was complete. Since an altered perme- 
ability of the mitochondriai membranes would be 
accompanied by an only partial oxidation of the 
fatty acid molecule [24], this provides evidence for 
the maintenance of mitochondria integrity in our 
experimental conditions. Furthermore, oleate oxi- 
dation was similar in obese and lean rats, which in- 
dicates that the oxidative capacity of the isolated 
liver mitochondria is not altered in obesity. This is 
in agreement with the previous findings of Brady 
and Hoppel [lo]. 
The rate of fatty acid oxidation is related to the 
rate of entry of fatty acids into the mitochondria, 
and this entry is controlled by the activity of CAT 
I. Table 2 shows that CAT I activity was only 
Table 1 
Oxidationa of [l-t4C]- and [~O-‘4~]oieate by liver mito- 
chondria from obese and lean Zucker rats 
Substrate Obese (n = 4) Lean (n = 4) 
[l-‘4C]Oleate 54.8 t 1 Sb (NS) 56.5 -t 2.0 
f10-14C]Oleate 54.6 t 2.1 (NS) 51.2+1.9 
a Results are given as nmol [‘4C]oleic acid, the radio- 
activity of which was recovered as “C-iabelled acid- 
soluble products 
b Mean + SE; NS, not significantly different from the 
lean (p>O.OS) 
Table 2 
Activity of CAT I and carnitine content in hepatic mito- 
chondria from obese and lean Zucker rats 
CAT Ia 
(n=S) 
Carnitine content’ 
(n = 6) 
Obese Lean 
2.87 * 0.22b* 2.55+0.13 
87+ 15** 138*5 
a The enzyme activity is expressed as 10m3 IU per mg 
mitochondrial protein 
b Mean*SE; * significantly different from the lean, 
p<o.os; ** p<O.ool 
’ Results are given as nmol per g of mitochondrial pro- 
tein 
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slightly higher in obese than in iean rats, and that 
the carnitine content was markedly lower in obese 
rats ~~~0.~~~. A tow carnjt~ne content would 
depress fatty acid oxidation in isolated mitochon- 
dria, but the addition of carnitine in the medium 
suppresses this effect. In this condition, the almost 
identical CAT 1 activity might partly explain the 
similar fatty acid oxidation observed in mitochon- 
dria of obese and Lean rats ([IO], this study). On 
the other hand, in the cell, the low carnitine con- 
tent of mitochondria might not constitute a limit- 
ing factor for fatty acid oxidation, as suggested 
from studies with hepatocytes in which the fatty 
acid oxidative activity was not enhanced by the ad- 
dition of exogenous camitine 191. 
As shown in fig. I, in obese rats CAT f activity 
was extremely sensitive to the inhibitory effect of 
malonyl-CoA. At a high concentration (iOOpM), 
this metabohte totally inhibited CAT 1 activity in 
obese rats, but only partially (80%) in lean rats. 
The ~on~e~~rat~on of malonyl-CoA that depressed 
CAT I activity by SO% was estimated at 1.4~0.2 
and 20+-6pM in obese and lean rats, respectively. 
McCarry and Foster [25j and Beynen et al. 1261 
have reported that the level of hepatic malonyl- 
CoA is directly related to the rate of Iipogenesis 
in several metabolic situations. Since in the liver 
of obese rats lipogenesis is enhanced, especially 
through the higher acetyl-CoA carboxylase activity 
[27], a high malonyl-CoA concentration might be 
expected. This high concentration, that still re- 
mains to be demonstrated, would strongly inhibit 
CAT I activity, and therefore fatty acid oxidation, 
in vivo. Nevertheless, as a lowering of malonyl- 
CoA might not be sufficient to explain the 
increased ketogenesis in starvation [28-301, so an 
increase of maionyi-CoA might not be sufficient to 
explain the lower fatty acid oxidation in obese rats. 
Actually, our results suggest that, even for an iden- 
tical concentration, the fatty acid axidation might 
be reduced in obesity because of the very high sen- 
sitivity of CAT I to malonyi-CoA inhibition. The 
transport of fatty acids across the m~tochondria~ 
inner membraxle might therefore be a limiting step 
in Fatty acid oxidation. However, studies by Tris- 
cari et al. [9) with hepatocytes from fasted obese 
Fig. 1. Effect of increasing maionyl-CoA concentrations on the activity of CAT I in mitochondria isolated From livers 
of obese (a) and lean (u) Zucker rats. Results are expressed as % of CAT t activity, estimated in the absence of 
malonyl-CoA. Each point represents the mean of 5 duplicated determinations; each determination corresponds to one 
m~tocbondrja~ preparation from one rat. T-bars show SE. 
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rats indicate that the failure in ketogenesis might 
occur at a step following the entry of fatty acids in- 
to the mitochondria. This discrepancy concerning 
the site of the impairment could be explained by 
the fasted state of the rats used by these authors. 
Indeed, the mitochondrial CAT I sensitivity to 
malonyl-CoA inhibition was shown to be strongly 
reduced in this nutritional condition [ 16,171. More- 
over, the rats used by Triscari et al. [9] were differ- 
ent from ours in various aspects (female rats and 
identical lipid content of hepatocytes in both 
phenotypes). 
In summary, in the liver of the obese rat, the 
very high sensitivity of CAT I to malonyl-CoA in- 
hibition might, for the most part, explain the 
depressed fatty acid oxidation; this effect could be 
reinforced by a possible high malonyl-CoA con- 
centration, and eventually by the low carnitine 
content of mitochrondria and of total tissue (un- 
published). As a consequence, the fatty acids that 
do not enter the oxidative pathway should con- 
tribute to lipid accumulation. However, since 
malonyl-CoA is an intermediary metabolite in the 
synthesis of fatty acids, its inhibitory effect on 
fatty acid oxidation should be regarded rather as a 
consequence of the enhanced lipogenesis. 
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